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Engineering of Controlled Deamidation Rates in 
/^pT^x Peptides, Proteins, and Similar Structures 

\^^AMENDMENTS TO CLAIMS 

What is claimed is: 

[cl] 

1 . (currently amended) A method that is useful for quantitatively changing deamidation 
rates of Asn and Gin residues in peptides and proteins or in other molecules that 
contain these amides, including hormones and drugs and modifications of peptides, 
proteins, hormones and drugs. 

(a) This can be done through substitution of the carboxvl-side residue to the amide with 
another residue, using the experimentally determined values in Tables 1 and 2. 

(b) For example, suppose an investigator is confronted with the sequence -MeAsnAla- in 
a particular protein. From Table 1 . he knows that the deamidation rate is 25.9 days 
under the conditions in the table. If a deamidation rate of. for example. 1 50 days is 
more desirable, an examination of the table shows that this can be done by changing 
the sequence to -HeAsnLeu-. which has a half-time of 1 54 days. 

(c) Table 1 is to be used for Asn seguences and Table 2 for Gin sequences. 

Th e i nv e nt i on of a t e chn i qu e for chang i ng d e amidat i on rates of Asn and Gin r e s i du e s i n 
pept i des, hormon e s, prot ei ns and p e pt i d e-li k e , hormone -l ike, and prot e in -li k e 
mo l ecu le s through mod i ficat i on of th e re sidu e or res i due - l i k e structure to the r i ght (or 
carboxyl s i d e ) of the amide. 

(a) Th i s can b e don e through substitut i on of e i ther a natura l or non - natura l am i no ac i d 
side chain. 

(b) The effects of many such mod i f i cations are known bas e d on exp e r i mental work 
wh i ch has b ee n carr ie d out. 

(c) From the r e su l ts d e scr i b e d in (b) many other simi l ar modif i cat i ons can b e i nf e rr e d. 
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2. (currently amended) A method that is useful for quantitatively changing deamidation 
rates of Asn and Gin residues in peptides and proteins or in other molecules that 
contain these amides, including hormones and drugs and modifications of peptides, 
proteins, hormones and drugs. 

(a) This can be done through substitution of the amino-side residue to the amide with 
another residue, using the experimentally determined values in Tables 1 and 2. 

(b) For example, suppose an investigator is confronted with the sequence -HeAsnLeu- in 
a particular protein. From Table 1 . he knows that the deamidation rate is 1 54 days 
under the conditions in the table. If a deamidation rate of. for example. 1 00 days is 
more desirable, an examination of the table shows that this can be done by changing 
the sequence to -ClyAsnLeu-. which Table 1 shows, has a half-time of 1 04 days. 

(c) Table 1 is to be used for Asn seguences and Table 2 for Gin sequences. 

The i nvent i on of a techniqu e as in c l aim 1 , but mod i fy i ng the residu e or r e s i du e-li k e 
structur e to the l eft (or am i no side) i nstead of to the right. 



3. (currently amended) A method that is useful for quantitatively changing deamidation 
rates of amides residues in peptides and proteins or in other molecules that contain 
these amides, including hormones and drugs and modifications of peptides, proteins, 
hormones and drugs through the swapping of Asn for Gin or of Gin for Asn. 

(a) This is quantitatively done by reference to both Tables 1 and 2. 

(b) For example, suppose an investigator is designing a drug for which a part of the 
structure contains the seguence -LeuAsnGlv-. He can tell from Table 1 that the half- 
time is likely to be about 1 day (unless it is suppressed by three-dimensional structure) 
and wishes to slow deamidation down to improve the drugs shelf-life. Table 2 shows 
that this can be done simply bv substituting the seguence -LeuGlnGly- which now has a 
half-time of 670 days. 

The inv e ntion of a t e chn i qu e for chang i ng d e am i dat i on rat e s of Asn and Gin r e s i du e s in 
peptides, hormones, prot ei ns and p e pt i de l ike, hormon e-l ike, and prote i n l i ke 
mo le cu le s by swapp i ng Gin for Asn or Asn for G i n. 
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4. (currently amended) A method that is useful for quantitatively changing deamidation 
rates of Asn and Gin residues in peptides and proteins or in other molecules that 
contain these amides, including hormones and drugs and modifications of peptides, 
proteins, hormones and drugs, through modification of molecular structures nearby the 
amide in space, but not part of the residues immediately to the carboxvl side or amino 
side of the amide, as determined by a three-dimensional prediction procedure. 

(a) This procedure identifies certain structural components that can have an effect on 
the deamidation rate as set out in paragraphs r0034l to [00571. 

(b) For example, the beta-Lvs-Asnl 45-His sequence of hemoglobin is not in an alpha- 
helix or in a loop between two beta sheets, so SI through S4=0. S5 = 1 . There is one 
hydrogen bond to the amide side chain nitrogen and one other to be broken to form the 
imide. but there are none to the amide carboxvl or the backbone nitrogen, so S6=0. 
S7= 1 . S8=0. and S9= 1 . This Asn is near the carboxvl end of the chain and one residue 
from an alpha-helix on the amino side, so SI 0=0. S1 1 =1 . and SI 2 = 5. From Table 1 . the 
primary seouence half-time is 1-.5 days. Therefore CD^fO.OIKIO.S)^ 0 - 48 ^ 1 ^)^-^ 1 ^ 1 - 
o) + (o.2)(4)) = (o.iQ5) e (o.48)(5.8) = (0.1 05)(1 6.1 84)= 1 .70. The predicted half-time is (100)CD so 

the half-time is estimated to be 1 70 days. 

If an investigator wishes to change this half-time to. for example, around 1 00 days, 
he can see from the parameters used to predict the rate that one possibility is to 
eliminate the amide side chain nitrogen hydrogen bond. Thus S7=0 and he can calculate 
CD=(0.01)n0.5)e<o- 48 ^ = (0.1 05)(1 0.01 4)=1 .05. The 

predicted half-time is now (1 00)CD so the estimated half-time is now 1 05 days. 

Th e inv e nt i on of a techn i qu e for changing deamidat i on rates of Asn and G i n r e s i du e s i n 
p e pt i d e s, hormones, prot ei ns and p e ptid e- lik e , hormon e- like, and prot e in -li k e 
mo l ecu le s through modif i cat i on of structur e s i n the near v i c i n i ty to th e am i d e as 
d e t e rm i ned by a thr ee- d i m e nsiona l pr e d i ction procedure. 

[c5] 

5. (currently amended) A method that is useful for quantitative modification of the rate 
of isomerization. for Asn. and Gin residues using the technique outlined in paragraphs 
[00341 to f00571. 

(a) For example, it is known that isomerization and deamidation occur through the same 
mechanisms. Thus the isomerization of Asn or Gin cannot take place without 
deamidation occurring. If it is found that 1 12 of deamidation for a particular peptide is 
accompanied by isomerization. then an investigator would know that the deamidation 
of. for example, the sequence -AlaAsnAla- in a drug with no three-dimensional 
interference, would have a primary half-time (using Table 1) of 22.5 days and that the 



isomerization half-time would be 45 days. If it is desirable to change this rate to about 
75 days, he can do this by redesigning the drug to include a hydrogen bond in the S7 
position and the isomerization rate would now be (45)e<°- 48)(1) =73 days. 

Th e e xt e nsion of th e i nv e ntions i n c l a i ms 1, 2, 3, and 4 to i somer i zation, cha i n c le avage, 
or other reactions s i milar to d e am i dat i on for Asn and Gin residues or residue - like 
structures in a sim i lar manner to those descr i b e d i n c l a i ms 1,2,3, and 4. 
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6. (currently amended) A method that is useful for quantitative modification of the rate 
of isomerization. for Asp, and Glu residues using the technique outlined in paragraphs 
f00341 to r00571. 

(a) For example, the rates of isomerization for Glu and Asp are about 1 00 fold slower 
than for deamidation. If one wishes to know the rate of isomerization of. for example, a 
peptide containing the sequence -GlyAspAla-. reference to Table 1 shows that the half- 
time for deamidation of this sequence is 21.1 days. If there are no three-dimensional 
constraints the method reduces to this half-time multiplied by 1 00 for isomerization. 
Thus the isomerization half-time can be estimated as (21.1)0 00) = 2100 days. In order 
to slow this reaction down, an investigator could add a hydrogen bond in the Csg 
category. This would slow it down by a factor of e<°- 48)(2) =2.6. so the new half-time 
would be (2.6)(2100) = 5460 days. 

The e xt e ns i on of c l a i ms 1,2,3, and 4 to the i somer i zat i on, cha i n c l eavage or oth e r 
r e act i ons s i m i lar to deamidat i on for Asp and Glu s i d e- cha i ns. 



7. (currently amended) A method that is useful for quantitative modification of the rate 
of chain cleavage, for Asn. Gin. Asp, and Glu residues using the technique outlined in 
paragraphs f0034l to f0057l. 

(a) For example, if a particular sequence in a protein, for example. -LeuAsnPro- is found 
to undergo cleavage with a half-time of 200 days, and an investigator wishes to speed 
this reaction up to around 100 davs. he may be able to do so by removing a hydrogen 
bond. If Cs? is still 2.0 and one hydrogen bond exists in this position, removing it would 
speed the reaction up by a factor of et Q - 48 >< 2 >=2.6 and the new half-time is 77 davs. 

The use of the i nvent i ons i n c l aims 1,2,3,4,5, and 6 to pr e d i ct th e rat e s of 
deam i dat i on, isomer i zat i on, cha i n c le avag e or sim il ar re l at e d r e act i ons. 



